Abstract. This paper reviews the characterization of wave storms along the Spanish/Catalan Mediterranean coast. It considers the "physical" and "statistical" description of wave parameters and how they are affected by the prevailing meteo patterns and the sharp gradients in orography and bathymetry. The available field data and numerically simulated wave fields are discussed from this perspective. The resulting limits in accuracy and predictability are illustrated with specific examples. This allows deriving some conclusions for both short-term operational predictions and a longterm climatic assessment.
Introduction
Wave climate is of paramount importance for coastal and offshore activities. It also plays a key role in determining coastal and naval hazards and in the associated management decisions. This is particularly true for coastal stretches such as the Spanish Mediterranean where the number of uses and resources supported by a limited territory require an accurate prediction of meteo-oceanographic conditions and climatic variability.
The NW Mediterranean climate is, however, difficult to forecast for time-horizons above 3 days. This is due to sharp gradients in space and time (see e.g. Bolaños et al., 2006) associated to mountain chains like the Pirinees or the Alps and to the abrupt coastal orography. The wind channelling due to river valleys and the abundance of submarine canyons plus a continental shelf with variable widths further illustrate this issue.
Correspondence to: A. Sánchez-Arcilla (agustin.arcilla@upc.edu) Within the last decades the NW Mediterranean has experienced severe storm events characterised by (comparatively to other periods) large waves and winds. This has encouraged the interest of scientists, managers and stakeholders alike on such episodic events (Puig et al., 2001; Grémere et al., 2003; Skliris et al., 2004; Gómez et al., 2005) and their effects on physical, ecological and economic variables.
The short duration wind-storms, with veering winds and short fetches plus the shadow effect of islands and coastal capes pose a serious scientific and practical challenge which leads to "errors" in met-oceanographic conditions well in excess of those found for open sea domains Bertotti, 2003, 2004) .
These "errors" limit the predictability to a few days and complicate the assessment of climatic trends and variability, which because of the relative short time-series of instrumental observations available, require hind-casted fields with an accuracy level not easy to achieve with present technology.
In summary, the characterization of wave storms in the NW Mediterranean, which follow the torrential pattern of meteo conditions (Gómez et al., 2005) , is still achieved with significant levels of uncertainty. This affects operational predictions but also the long-term and extreme probabilistic distributions of wave variables. This paper will consider the "physical" and "statistical" characterization of wave conditions along the Northern Spanish Mediterranean coast. The emphasis will be on the meteo-oceanographic work done at the first author's institution together with the Catalan Meteorological Service. The main features of the considered coastal stretch (the Catalan coast) will be presented in Sect. 2. The driving meteo patterns will be treated in Sect. 3.
Available field observations, from the local and central Government networks will be summarized in Sect. 4. The characterization, in physical and statistical terms, of episodic storm events will be the core of Sect. 5. Section 6 will briefly consider the implications for wave forecasting. The implications of such storms and their associated uncertainties will be discussed in Sect. 7. The focus will be on coastal implications and how the hydro-morphodynamic interactions condition wave predictions. The paper will end (Sect. 8) with some conclusions for both short-term operational predictions and long-term climatic assessment.
Study area
The Catalan coast (see Figs. 1 and 2) is located in the NW Mediterranean, south of the Pirinees. The Catalan Sea, bounded by this coast and the Balearic islands (Fig. 2) lies below the Alps and the southern coast of France. The local topography exerts a significant control over wind climate which is characterised by low to medium average winds. However some events (synoptic ones) are responsible for strong winds and gales in the Catalan and Balearic Seas.
The directional distribution of waves along the coast (Fig. 3) show a predominance of NW and N wave conditions at the southern and northern sections of the coast. The central part of the coast is dominated by E and S wave conditions. The largest waves come from the E or E-NE, where the largest fetches and stronger winds coincide.
The resulting wave fields show the gradients in wind fields due to topographic constraints and the short duration events associated to the meteorology of the area (see next section). These wave fields are further modified by the irregular bathymetry of the zone where submarine canyons, islands and capes produce "unexpected" variations in wave recordings a few kilometers apart (González-Marco et al., 2004) .
These meteo-oceanographic factors act on a highly squeezed coast, bounded by a coastal mountain range and intersecting rivers (the city of Barcelona in between two such rivers is a good example), which requires a prediction of wave conditions along the coast at a level well above what is offered by the present state-of-art. 
Meteo-oceanographic patterns
The meteorological patterns over the NW Mediterranean exhibit sharp gradients associated to the topographic control on synoptic fluxes (Wallen, 1970; Martin-Vide and Olcina, 2001 ). This area, covering from −5 • E to 16 • E longitude and from 35 • N to 44 • N latitude (Fig. 1) is located between Spain, Southern France, Italy and Gibraltar/Northern Africa.
The orographic control plus an important cyclogenesis tendency result in a torrential climate both for wind and wave conditions (Gómez et al., 2005) .
The predominant winds come from the North and Northwest, primarily during December and January. Southerly and Easterly winds are also important particularly during the months of February, March, April and November (Del Amo, 2000) .
At the Catalan coast (Fig. 4b) , as it was mentioned before, the local topography exerts a significant control over the wind climate which is characterised by low average winds. However some events, especially synoptic ones, are responsible for strong winds and gales in the Catalan Sea. In general, four predominant wind directions can be found in this area: NE, E, SW and NW. The maximum velocities have been recorded from Eastern winds in agreement with storm conditions associated with cyclonic activity over the NW Mediterranean (Del Amo, 2000) . A particular region within this coast is the Ebre Delta (Fig. 4b) , where NW winds funnelled through the Ebre river valley are the most typical. These offshore winds result in a fetch and duration limited wave climate where eastern waves have a maximum fetch below approximately 700 km. As a result of this, only relatively small waves should be expected.
The predominant wind and wave directions vary along the coast, showing clearly the topographic control. When comparing (Fig. 5 ) the directional distributions of wind and [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] . Both refer to incoming directions (after Bolaños et al., 2007). waves off the Ebre Delta coast (the southern most station in Fig. 2 ) it is apparent that the largest number of observations occur from the North-Northwest, although large wind speeds can also be found for East and South events. Therefore, the typical local wave climate shows a predominance of NW conditions, with significant East and South storms. These storms show a large variability in wind fields and tend to develop a large amount of bimodal spectra due to the coexistence of sea and swell waves (Bolaños et al., 2007) .
It should also be mentioned that sea/swell definitions depart from open sea conditions. Swell waves (i.e. waves A. Sánchez-Arcilla et al.: Review of wave climate and prediction along Spanish Med coast outside the generation area) start at periods of about 7 s and seldom ago above 12 s. García et al. (1993) found that swell, with criteria of ε<0.3 and Hs/L<0.01 (narrow spectrum and not very steep waves,) would be unlikely to occur along the Ebre Delta coast where most of the observed storm spectra were broad banded (ε 4 ≈0.7−0.8), in which H S stands for significant wave height L is the wave length associated to the spectral peak and the spectral width ε 4 is defined by
(1)
Typical wave storms can be illustrated by the sequence of meteorological patterns shown in Fig. 6 (after Bolaños et al., 2007) . This sequence corresponds to the November 2001 storm, one of the most devastating ones along the Catalan coast, with significant damages to coastal/harbour infrastructures and neighbouring beaches. On 10 November 2001, a low pressure system appeared over the NW Mediterranean while a high pressure centre was located in the NE Atlantic. On 11 November pressure gradients increased producing the first storm peak. Subsequently, the system relaxed until the 15th when another low pressure system was generated over the NW Mediterranean. This produced the second storm peak recorded by the buoys. The storm evolution could also be studied from the coexisting time-series of wind and wave data. This exercise has been done for the wave buoy off the Ebre Delta coast and for a number of meteorological stations deployed at or near the Delta (in-land stations). The rest of wave buoys recording along the Catalan coast have also been considered. The most severe storm featured strong winds of up to 18 m/s measured at the Ebre Delta. Significant wave heights reached 6 m at this location and about 4.5 m were recorded by the other buoys. Along the coast the buoys recorded two peaks of significant wave height (Hs) with a gap of 4 days in between. Mean periods (T Z = √ m 0 /m 2 ) up to 9 s were registered and the wave direction had a main Eastern component. A classification of the recorded spectra has already been performed considering the number of spectral peaks, predominance of sea or swell and the existence of a sea peak with one or more swell peaks .
Available data
The Catalan Coast is one of the most heavily instrumented coastal areas along the Spanish Mediterranean which allows obtaining good estimations of the wave climate characteristics. Along the 700 km of Catalan Coast, there are 9 buoys deployed at different depths (ranging from 35 to 1200 m depth), belonging to two different networks, the XIOM network (belonging to the Catalan regional Government) and the Puertos del Estado network (belonging to the Spanish Government). Most of the analysis will be carried out with data from the first network although a number of inter-comparisons will be also included.
The XIOM network (Xarxa d'Instrumentació Oceanogràfica I Meteorològica) for oceanographic and coastal meteorological measurements is owned by the Catalan autonomous government. In terms of oceanographic instruments, the XIOM network is composed by 4 wave buoys deployed along the Catalan Coast (see Fig. 2 ) at Figure 2 shows the actual position of these buoys, and Table 1 describes their main characteristics and available data. A more detailed description of the XIOM network can be found in Bolaños et al. (2008) . The Puertos del Estado network, also for oceanographic and coastal meteorological measurements, is owned by the Spanish Ministry of Public Works of the Spanish Government. At the Catalan coast (see Fig. 2 -Wave calms during the summer and energetic storms from October to May.
These conditions induce a complex wave climate, which can be described as "Torrential". By this concept we mean a predominance of "impulsive" and discontinuous wave storms comparatively much more energetic than adjacent calm periods which occur most of the time (in this sense it would be the equivalent of torrential rains in meteorology or torrential creeks in geography). Wave storms along this coast are limited due to short fetches of less than 600 km and storm durations of an average less than 24 h, plus complex topobathymetric features. This results in mixed sea states formed by wave trains with more than one mean direction and more than one peak frequency with a yearly average between 0.6 (Roses) and 0.8 (Cap Tortosa) meters for the coastal locations and above 1 m for deeper water (more exposed) buoys (e.g. Begur or Tarragona II locations, see Fig. 2 ). The average number of storms per year also varies from about 5 for the coastal buoys to more than 10 for the exposed buoys (including the Cap Tortosa buoy, which is highly influenced by land winds). The relatively small number of storms registered hinders the assessment of extreme events which feature, nevertheless, storm peaks with H s between 5 and 7 m (Gómez Aguar et al., 2005) . These energetic events are concentrated in two periods, namely during October-December and March-April. The recommended threshold value for the significant wave height (to define the storm events considered in the statistics) goes from 1.5 m to 2.0 m (e.g. Puertos del Estado, 1994).
As it has been mentioned, Fig. 3 shows a rose diagram of the Tortosa, Llobregat, Tordera and Begur Buoys. It is evident the relevance of the NW component at Tortosa, which turns into a N component at Begur, while in Llobregat and Tordera waves are limited to the E and S sectors. These sectors, here and throughout the paper, refer always to the direction from which the waves are coming, as it is usually done in wave studies.
Extreme wave climate
For an extreme analysis it is necessary to make some assumptions regarding storm events such as whether storms come from a single population (homogeneity), no climate change trends are present and the events are independent. For the definition of an independent storm event it is necessary a criterium of minimum significant wave height, interval without data, period with data below the minimum significant wave height and minimum duration. To derive an extreme sample the peaks over a threshold (POT), separated by four days or more (to achieve a certain degree of statistical independence), have been selected. The criteria to define a storm sample have, thus, been i) the distance between storm (consecutive) down-crossing and up-crossing being larger than four days, ii) the eventual periods below the threshold level being smaller than six hours. For the strongest events their association to a single low-pressure centre was also considered. The resulting sample showed a differential behaviour in terms of wave height and wave period and storm duration when considering the main three sectors of wave incidence (East, South and North-West). This suggest a directionalbased analysis to improve the homogeneity of the resulting sub-samples. This exercise could not be completed with the available time series due to the small number of storms left in each directional sector.
The resulting "scalar" (i.e. for all directions) sample frequencies have been fitted to Gumbel, Frechet and Weibull distributions using a variety of techniques to estimate the corresponding parameters (method of moments, maximum likelihood and least squares). For the least squares method a number of plotting position formulae have been tested (Gómez Aguar et al., 2005) . The confidence interval was determined using bootstrap simulations and standard recommendations for wave analyses (e.g. PIANC). The resulting best fit extreme distribution for Hs is the Weibull PDF. It is usually written within the maritime engineering community as:
where A is the location or position parameter, B is the scale parameter and C the shape parameter. This distribution corresponds to a small number of relatively energetic events (corresponding to a semi-enclosed sea domain such as the NW Mediterranean). The threshold selected for defining a storm was 2 m. It results in a poor characterization of the upper tail with e.g. an Hs of 10 m (95% confidence limit) for a return period of 300 years in Cap Tortosa (see Fig. 7 red lines) . The maximum Hs ever recorded at this location, during an interval of 18 years, was 5.95 m. Table 2 (after Bolaños et al., 2008) shows the resulting extreme analysis for the XIOM buoys in terms of the return period. The data show that the northern and southern (Tortosa and Rosas) locations are the ones presenting higher waves while the central part shows lower wave heights.
The extreme analysis for Hs can be also obtained applying the Bayesian Generalized Pareto Estimation (BGPE) approach. The BGPE method shows a narrower confidence interval. This method assumes that the peaks over a threshold fit a Generalized Pareto Distribution (GPD), which includes the Weibull, Frechet and Gumbel distributions as particular cases. The BGPE (Egozcue and Tolosana-Delgado, 2002) includes also prior information regarding the studied phenomenon. It may be based on physical knowledge, expert and professional experience, data from similar situations, etc. Typical examples of prior information used are:
-An improbable event size to be considered and its maximum frequency -A characteristic event size and its maximum frequency -A certainly attainable event size
This information is independent of the used data set and represents the "knowledge" before data acquisition. It is useful to reduce the uncertainty of the estimation delimiting the admissible domain of the Bayesian parameters. Using as an example the Cap Tortosa buoy position, for establishing bounds in the proposed Bayesian approach, the prior information used is: -An improbable storm peak "event size" and its maximum frequency were taken as 12 m and 10 −5 , respectively, derived as an Hs close to the double of the maximum peak ever recorded and requiring wind speeds extremely unlikely.
-A characteristic event size of Hs=2.7 m and its maximum frequency of f =0.4 derived from the available statistical analyses of wind and wave fields.
-A certainly attainable storm peak of Hs=6.5 m slightly above those actually recorded or numerically generated.
This information represents the prior available knowledge and may be derived from a complementary data set from the same wave buoy or from another one deployed at a point with "similar" wave climate. Although in part subjective, this prior information substantially reduces the uncertainty of the estimation, delimiting the admissible domain of Bayesian parameters. The obtained reduction in uncertainty is also consistent with available knowledge and observations on the local wave climate and its impact on coastal infrastructures. A comparison between both, the Classic and the Bayesian approaches can be seen in Fig. 7 (after Bolaños et al., 2008) . This figure illustrates that the Bayesian approach reduces the values of Hs and the interval bounds, especially the upper one.
Wave forecasting
Operational wave forecasting in the NW Mediterranean requires a wind prediction system. The Meteorological Service of Catalonia has implemented the MASS (Mesoescale Atmospheric Simulation System) (Codina et al., 1997; MESO, 1994) model to produce weather forecasts in the Catalan region. The model is based on a set of partial differential equations expressing the conservation of momentum, energy and mass. The model incorporates a high resolution Blackadar type planetary boundary layer parameterisation and detailed surface energy and moisture budget that include the parameterisation of surface hydrology and evaporation. The MASS model is a 3-dimensional hydrostatic primitive equations mesoscale model which is run with a horizontal grid resolution of 55 km covering the Mediterranean. A nesting strategy is applied for the Iberian peninsula with a resolution of 15 km. This code is used as a general operational meteorological tool and as a tool to predict wind fields that are later used as an input for wave and current models (Sánchez-Arcilla et al., 2002; Bolaños et al., 2008) . Wind-wave models are very sensitive to wind field variations which results in one of the main sources of error in wave forecasts. This is particularly true for the NW Mediterranean, which presents short fetches and duration limited events, leading to larger wave model errors compared with the open ocean case Bertotti, 2003, 2004) . This is due to the large gradients and variability present in the wind/wave fields which lead to situations of veering winds. It is common in this area to have eastern or southern winds with co-existing north-west winds which "appear" in the records at periods when the first component slackens. The E/S winds blow from the sea and have comparatively much longer fetches than the NW winds which blow from land (the coast has an approximate NE-SW orientation) and have thus a very short fetch. This results in more robust predictions for eastern and southern waves while the accuracy rapidly degrades for NW waves close to the coast (where the buoys are deployed). For this reason, Bolaños et al. (2007) performed an evaluation of the modelled wind fields by a comparison to wind measurements (meteorological stations and satellite data) and their performance when simulating extreme wave events. For most of the coastal validation points the model predicted higher wind speeds than measured. Regarding wind direction, the model does not present large discrepances, although considerable differences with recorded data are found during some specific dates. There is a positive bias in the model, probably due to the local orography not resolved by the atmospheric code. The large scatter in the data shows that errors are not simply systematic and might vary under different environmental conditions. The negative bias of winds from MASS compared with QuikSCAT and the positive bias when comparing them with coastal stations have been linked to the effect of local (hundred of meters) orography on coastal stations which are missed by wind models. These errors, likely due to poor estimates of surface roughness over land (poorly resolved orography) and sea, get worse within the land sea border. The wave forecast system at the Catalan coast is based on the WAM-P model (Monbailu et al., 2000) . It runs twice daily with a forecasting horizon of 36 h and a wind field input every 6 h. The geographical grid covers latitudes 34 • N to 45 • N and longitudes 5 • W to 18 • E and a resolution of 1/6 • (18 km approximately). The model is set to 24 directions and 25 frequencies. WAM-P is a widely known spectral wave model that solves the transport equation (WAMDI group, 1988; Komen et al., 1994) without any limitation on the wave energy spectral form. The main processes considered in this type of models are wind input, dissipation and non-linear wave interactions. Bolaños et al. (2007) used WAM-P at the north-western Mediterranean to support the evaluation of two wind models when predicting severe wave storms. The analysed wave events show that the NW Mediterranean, in spite of its limited fetch, is able to generate harmful storms. The prediction of such storms near the coast is a tough challenge for operational oceanography. The wind interaction with local topography, the sharply varying fields, the resulting sea-swell interaction and the influence of the land-sea border explain this situation.
Operational validations of these models are being continuously carried out using the XIOM wave-buoy network. In Bolaños et al. (2008) and Bolaños et al. (2003) some general statistics of the system are presented. Table 3 shows the "lumped" statistics of significant wave height for the four wave buoy locations and three forecast horizons of the wave forecasting system. It is interesting to note the different behaviour for the various forecast horizons. The Blanes location is the only one showing the "expected" behaviour (i.e. decreasing quality with increasing forecast horizon) which agrees with its more "simple" geographical domain. This domain is not affected by mistral (NW) winds as is the case for the southern-most buoy (Tortosa). Moreover the spatial resolution of the model appears suitable for central locations such as Blanes, which is not the case for the northern catalan coast (Roses Bay) where the topographic irregularities require much higher resolutions. The overall statistics do not show a clear patter of overestimation or underestimation, since errors vary from location to location showing the importance of local effects. Table 4 shows the corresponing statistics of mean period for the four wave buoy locations and three forecasting horizons. In contrast to Hs the mean period shows the expected reduction of prediction quality with forecasting horizon, increasing bias, RMSE and scatter. The Llobregat (central coast) location shows the best prediction for mean wave period. In all cases the dominant pattern is a model overestimation more evident in the Tortosa (southern coast) buoy. This Fig. 8 . Comparison of the probability distribution functions for the significant wave height off the Ebre Delta coast using measured (buoy) data and numerically simulated (WAM) data.
could be related to the "errors" during mistral events which produce high waves with low periods not so well predicted by present models.
The general sources of error for operational wave modelling along the Catalan coast have been discussed in Bolaños et al. (2004) . Errors for low frequency swell at the buoy appeared to be mainly due to errors in the wind fields.
The spatial resolution is a very important source of error that affects both wind and wave models. At the buoy locations there are some local features that have considerable impact on wind patterns and, thus, also on waves. The wave model in our operational system is used with 6 h wind input. This configuration leads to a proper time definition of severe (large duration) storms at the Catalan coast, but may lead to information losses for NW storms which are characterized by severe winds but with a mean duration of less than 24 h with some cases of intense wind lasting only about 12 h.
The occurrence of bimodal wave features may also have different implications (Bolaños et al., , 2006 : the first one is that, because of the spatial resolution, the local NW wind that produced the second peak of spectra is not well resolved. The second implication is related to momentum transfer, where many authors have highlighted that under mixed wave-train conditions the drag coefficient may increase appreciably. Additionally, Donelan (1987) and Mitsuyasu and Yoshida (1989) have shown a different wave growth rate in conditions of pre-existing swell. These conditions will produce errors on the predicted spectral shapes.
Discussion
The wave climate described above, has been obtained using measured data. However, when observational data are not available, numerical simulations must be used. This implies a larger degree of uncertainty, especially for a semi-enclosed sea such as the Mediterranean. The differences between mea- As it has been mentioned above, the WAM model (WAMDI Group, 1988) was adapted for real time forecasting along the Catalan coast. It was validated for the study area showing a root-mean-square error of about 10-15% in the yearly average significant wave height predictions Bolaños and Sánchez-Arcilla, 2006) , where the yearly average Hs ranges between 0.75 and 1 m. This model provides wave fields every 6 h in terms of significant wave height H s , peak period T p , and peak direction θ. A comparison between the cumulative probability distribution function for the H s off the Ebre River Delta from the WAM model for the period [2002] [2003] [2004] [2005] , and the neighboring Cap Tortosa buoy measurements is shown in Fig. 8 , including the corresponding Weibull parameters. Figure 8 shows a clear pattern between predicted and measured waves. For small values of H s (calm periods) the WAM model overestimates the significant wave height. However for values above 0.5 m, the WAM model underestimates H s . This pattern is also illustrated in Table 5 in which a comparison of the cumulative probability for different meteooceanographic conditions (calm, mild storm and maximum recorded value) is summarized.
This behaviour in the offshore wave heights implies large uncertainties for evaluating the corresponding PDF nearshore. This is illustrated in Fig. 9 , in which the cumulative PDF of Hs at 2.5 m in front of the Ebre Delta is shown for both the buoy waves and the WAM waves corresponding to the conditions described in Table 5 . The obtained Weibull parameters are summarized in Table 6 . It is also assumed that waves are coming from the east and that the probability of H s offshore remains constant through the propagation "space", and H s varies only due to the hydro-morphodynamic processes acting during wave propagation. The propagation from deep waters to the evaluation point has been done using the LIMWAVE numerical model (González-Marco et al., 2004) . The LIMWAVE is a phase-averaged code based on the conservation of the wave action equation (for the wave height), the eikonal equation (for the phase information) and the irrotationality of the wave number vector equation (for the wave angle) as described in Ebersole (1985) and Liu (1990) . This model incorporates a depth-limited breaking dissipation according to Dally et al. (1985) for regular waves and according to Battjes and Janssen (1978) for irregular waves. Bottom friction dissipation was calculated using the expression of Tolman (1992) based on a quadratic friction law, with a friction factor proposed by Madsen et al. (1988) , Nielsen (1992) or Madsen (1994) .
This model therefore reproduces the more relevant processes affecting the wave propagation such as shoaling, refraction, diffraction, dissipation due to bottom friction and depth induced breaking. The LIMWAVE model takes into account the directional randomness via an a priori decomposition, the uncoupled propagation and the subsequent linear superposition starting from a Mitsuyasu directional spectrum (Mitsuyasu et al., 1975) . Figure 9 and Table 6 show that the nearshore Hs values obtained by propagating the offshore WAM waves are normally more narrowly distributed than "propagated" buoy (measured) data. This is illustrated by the shape parameter C, which is larger for WAM waves at the evaluation depth. However, the position and scale parameters A and B are similar. These results indicate that for a given probability level the WAM-based simulations provide slightly larger values of the wave height than those from buoy-based simulations.
These points should be carefully considered when selecting a modelling sequence for operational predictions or when suggesting (recommending) a distribution function for wave height under conditions like those of the Catalan coast. 
Conclusions
The considerations of former points show the inherent uncertainty in the "physical" (wave generation/propagation) and statistical characterization of wave conditions along Mediterranean coasts.
The torrential-like climate of the Catalan Spanish coast limits the predictability of operational forecasts and precludes a "narrow" statistical estimation.
The performed research combining numerical simulations, field observations and statistical analyses suggest a nesting sequence (using WAM and an energetic wave propagation model) which, as discussed in previous points, considers the topo-bathymetric gradients for the aspect ratio of the various grids. The existence of land-wind and double peaked spectra further reduce the accuracy of wave forecasts. The same applies to the short duration storm events typical of the Mediterranean coast.
This limited predictability also affects the statistical characterization of wave parameters. The available data series (all shorter than 25 years) along the Spanish Mediterranean coast require the supplement of hind-casted fields to obtain robust statistical estimates, particularly for extreme events. In this context the use of semi-quantitative a priori "information" allows using a Bayesian approach which has proved to be more realistic and reliable than conventional probabilistic techniques.
All these considerations imply that due care should be taken when presenting forecasted fields or when recommending statistical estimators. The level of uncertainty should always be considered for the subsequent decision process.
